Background: Blood lipid profi les have been suggested to be a risk factor for osteoporosis. However, the association between lipid profi les and bone mineral density (BMD) is still unclear. This study aimed to evaluate an association between blood lipid profi les and BMD through both a cross-sectional and a longitudinal study.
INTRODUCTION
In accordance with the global trend of population aging, the average life span has greatly increased, thus, the elderly population is markedly increasing in Korea in recent years. 1) It is well known that the increase in the number of elderly inevitably leads to an increase in the prevalence of chronic degenerative diseases in a population. Among aging related diseases, postmenopausal
In these regards, we evaluated the association between serum lipid profi les and BMD and the association between the changes in serum lipid profiles and BMD changes over several years in postmenopausal Korean women. at final follow-up health examination; having higher free T4 level (>2.0 ng/dL, cut-off level which is known to affect bone metabolism) 25) (26 women); information on smoking, drinking, and sports activity was missing (97 women). Th us, a total of 958 women were fi nally included.
METHODS

Study Subjects
Study
Study Variables
Blood sample was drawn after 12-hour overnight fasting on the same day BMD was measured. Total cholesterol (TC), HDL-C, and LDL-C were assayed enzymatically in fresh serum in a laboratory. BMD (g/cm 2 ) was measured at left femur neck and at lumbar spines (2nd, 3rd, and 4th) using dual-energy X-ray absorptiometry (Lunar Radiation Co., Madison, WI, USA).
For analysis of lumbar spine, we used the averaged BMD values measured at 2nd, 3rd, and 4th level of lumbar spine. Height (cm) and weight (kg) were measured to the nearest 0.1 decimal point using a digital scale and stadiometer in light clothing and shoes taken off. Body mass index (BMI) was calculated as the weight divided by the height squared (kg/m 2 ).
Information about health behaviors (smoking, alcohol consumption, and physical activity) was assessed using a selfadministered questionnaire. Study subjects were categorized into three groups by smoking habit (never smoker, ex-smoker, and current smoker), four groups by the level of physical activity ('do not exercise at all,' 'exercise less than once a week,' 'exercise 1-4 times a week,' and 'exercise more than 5 times a week'), and four groups by the levels of alcohol consumption ('never drinks,'
'drinks less than a bott le in a month,' 'drinks less than 2 bott les a month,' and 'drinks more than two bottles a month'). This study was approved by the institutional review board of Samsung
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Medical Center.
Statistical Analysis
Changes in the level of lipid profi les and BMD were calculated by subtracting the value at initial measurement from the value at final follow-up measurement. Because the distribution of lipid profi les and BMD measured at initial and fi nal examination and the distribution of change in lipid profiles and BMD during follow-up did not follow normal distribution, we estimated the association between lipid profiles and BMD using Spearman correlation analysis with or without an adjustment for covariates such as age, BMI, smoking, alcohol consumption, and physical activity. At first, we evaluated the association between the lipid profiles and BMD measured at initial examination with a consideration of age and BMI measured at initial examination, and information on smoking, alcohol consumption, and physical activity measured at follow-up examination as covariates. Th en, we evaluated the association between the lipid profi les and BMD measured at final follow-up examination with a consideration of age and BMI measured at follow-up examination, and Values are presented as mean (SD).
*Repeatedly measured after 7.1 (SD = 0.8) years of follow-up.
General Characteristics of Study Subjects
Th e mean (SD) interval between the time at initial and time at fi nal examination was 7.1 (0.8) years. Mean (SD) age of study subjects at the initial examination was 58.6 (5.8) years (Table 1) .
During follow-up, mean (SD) height (cm) changed from 156.3 (Table 3) .
Association between the Change in Lipid Profiles and Changes in BMDs over Followup Period
The change in BMD at lumbar spine had no significant correlation with the change in total cholesterol, LDL-C, and HDL-C level regardless of the adjustment for age, smoking, drinking, exercise, and BMI (Table 4) . When covariates were not considered in analysis, change in femur neck BMD had weak but signifi cant negative correlation with total cholesterol (correlation coefficient, -0.089; 95% confidence interval, -0.161 to 0.017) 
DISCUSSION
A unique feature of this study is that the association between the change in lipid profi les and the change in BMD over 7 years could be evaluated retrospectively using repeatedly measured data in large numbers of postmenopausal women. This longitudinal design allowed us to get bett er insight than a cross-sectional study regarding the causal association between those two variables.
In this study, LDL-C measured at initial examination as well as the change in LDL-C had no association with BMD at lumbar spine and femur neck. This finding is consistent with findings from previous epidemiological studies [18] [19] [20] [21] [22] which reported that total cholesterol and LDL-C are not risk factors for low BMD.
Although HDL-C measured at initial examination was found to have a positive correlation with femur neck BMD in this study, we think this is not robust evidence supporting a true association between HDL-C and femur neck BMD because the analysis This study has several limitations. Firstly, study subjects are more likely to be in high socio-economic status, given that they are selected from those who undertook a routine health examination in the tertiary care hospital located in Seoul. Th us, it may be diffi cult to generalize fi ndings from this study to women in diff erent socioeconomic status. However, selection bias is less likely to play a signifi cant role in our study because we evaluated an association between variables. Secondly, we could not take consideration of calcium intake and osteoporosis treatment that may have significant influence on BMD levels due to the lack of available data. Thirdly, time lag after menopause that may be related to the rate of decrease in BMD could not be taken into account due to lack of related data. 30) In conclusion, in this cross-sectional and follow-up study of postmenopausal Korean women, we found no significant association between serum lipid profiles and BMD. However,
given the limitations of this study, this result should be carefully interpreted.
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